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IMAGE PROCESSING METHOD, IMAGE
PROCESSING APPARATUS AND IMAGE
PROCESSING PROGRAM

This application claims priority to Japanese Patent Appli-
cation No. 2001-100655 filed on Mar. 30, 2001, the disclo-
sure of which 1s incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1mage processing,
method for creating a blur-controlled 1mage by performing
a blur-control processing to an 1image obtained by a digital
camera or the like. It also relates to an 1mage processing
apparatus and an 1mage processing program.

2. Description of Related Art

In photographing, 1t 1s possible to emphasize the main
photographic object by unsharpening or dimming (herein-
after referred to as “blur”) the background and also possible
to arbitrarily alter the emphasis degree of the main photo-
graphic object by changing the blur degree of the back-
oround. Although it 1s possible to change the blur degree 1n
a camera capable of arbitrarily changing the aperture value
so as to alter a depth of field, it 1s difficult to do so 1n a
camera 1n which the aperture value 1s determined automati-
cally.

In recent years, digital cameras have become popular. In
digital cameras, 1t became possible to add various etfects to
an 1mage by processing the 1image data. Furthermore, it also
became possible to add various elfects to a specific area in
an 1mage by an area dividing method by clustering or an area
discrimination method 1n which a photographic object image
1s taken out from two 1mages different 1n focal length based
on the blur difference thereof.

For example, a blur-controlled 1mage in which the main
photographic object 1s emphasized can be created by apply-
ing a filter to the background. To the contrary, a blur-
controlled 1image 1n which the background is emphasized
can be created by applying a filter to the main photographic
object. Furthermore, a pan-focus 1image can be also created
by combining focused portions 1n two 1mages.

In a conventional method, however, even if a desired area
1s taken out perfectly at the time of applying a blur-filter
thereto, a pixel value of a pixel outside the desired area near
a boundary 1s also taken in. As a result, a desired blurred
image could not be obtained. This will be explained with
reference to FIGS. 1 to 4.

FIGS. 1 to 4 explain the situation at the time of carrying
out a background blur emphasizing processing to an 1mage.

FIG. 1 shows a landscape 1mage including a person 1, a
house 2 and a pond 3. This image shown 1n FIG. 1 1s focused
on a person 1, and includes a clear person 1mage 1 as a main
photographic object 1n the foreground and slightly blurred
images of a house 2 and a pond 3 1 the background. This
image 1s a far-and-near contlict image including unfocused
images 1n the background area and a focused image 1n the
main photographic object area in the same 1image frame.

In this 1image, 1t 1s discriminated such that the focused
person 1mage 1s an 1mage 1n the main photographic object
arca 4 and that the unfocused landscape 1mage including the
house 2, the pond 8 and therearound 1s an 1mage in the
background area 5. The target area to which a blur-filter 1s
to be applied 1s cut out by an area discrimination method. As
shown 1n FIG. 2, 1t 1s assumed that the 1image in the main
photographic object area 4 has been cut out from the 1mage
shown 1n FIG. 1 by the area discrimination method.
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By subjecting the 1mage shown 1in FIG. 1 to predeter-
mined filtering processing, a blur emphasized 1mage 1s
created. In this specification, a method for creating a back-
ground blur emphasized 1image 1n which the blur degree 1n
the background area 1s emphasized will be explained.

FIG. 3 1s an enlarged view showing the boundary portion
between the image 1n the main photographic object area and
the 1mage 1n the background areca shown in FIG. 1 for an
explanation of the blur emphasizing processing i1n the
boundary portion. The area with oblique lines denotes the
background area 8, and the remaining area denotes the main
photographic object area 9. A blur-filter 7 1s applied to the
aimed pixel 6 of the 1mage 1n the background region 8. This
blur-filter 7 1s shown 1n FIG. 3B.

In the event that the blur-filter 7 shown 1n FIG. 3B 1s
applied to the pixel 6 near the boundary, this filter 7 covers
not only the 1mage 1n the background area 8 but also a part
of the 1image 1n the main photographic object area 9.
Therefore, the aimed pixel 6 after the filtering processing
includes the pixel value of the pixel in the part of the main
photographic object area 9, which creates a blur fault portion
8' (see FIG. 3C). FIG. 4A shows a filtered image obtained by
subjecting the entire area of the image shown i FIG. 1 to
blur-filtering processing. At near the boundary of the back-
oround area 5 to which the blur-filtering processing was
performed, the pixel value 1s a mixed value of the pixel value
of the skin color of the person 1image and that of the dress
color. This portion including the mixed value remains as a
fault portion 8' at the periphery of the main photographic
object area 4 as shown 1n FIG. 4B when the previously
cut-out image (FIG. 2) in the main photographic object area
4 1s pasted on the aforementioned filtered 1mage.

As mentioned above, 1n a conventional method, a good
blur cannot be given to the boundary when applying a
blur-filter to the 1mage 1n the aimed area.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an 1mage
processing method capable of creating a good blur by
blur-control processing.

It 1s another object of the present invention to provide an
Image processing apparatus for performing blur-control pro-
cessing capable of creating a good blur.

It 1s still another object of the present invention to provide
a program for making a computer execute blur-control
processing capable of creating a good blur.

According to the first aspect of the present invention, an
image processing method comprises the steps of:

obtaining an image 1n which a first area including a first
image and a second area including a second i1mage are
discriminated with each other; and

a control step for performing a blur control to a second
image using a {ilter to obtain a blur-controlled second image
while accompanying processing for reducing an influence of
the first area at a boundary between the first area and the
second area and therecaround when the blur control 1s per-
formed to the second 1mage.

According to this image processing method, when a blur
control 1s performed to the second 1mage by the filter, a blur
control 1s performed to the second 1mage while accompa-
nying processing for reducing an influence of the first area
at a boundary between the first area and the second area and
therearound. Accordingly, 1t 1s possible to avoid performing
the blur control 1n a state that the influence of the first arca
appears as 1t 1s 1n the second area near the boundary, and
therefore a good blur-controlled 1mage can be obtained.
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According to the second aspect of the present invention,
an 1mage processing apparatus, COmprises;

a processor for obtaining an image 1n which a first arca
including a first image and a second area 1ncluding a second
image are discriminated with each other; and

a blur controller for performing a blur control to a second
image using a iilter to obtain a blur-controlled second image
while accompanying processing for reducing an influence of
the first area at a boundary between the first area and the
second area and thercaround when the blur control 1s per-
formed to the second 1mage.

According to this 1mage processing apparatus, when a
blur control 1s performed to the second 1mage by the filter,
a blur control 1s performed to the second image while
accompanying processing for reducing an mfluence of the
first arca at a boundary between the first area and the second
arca and therearound. Accordingly, the influence of the first
arca would not appear 1n the second area near the boundary.

According to the third aspect of the present invention, a
computer readable program for attaining the following func-
fions:

obtaining an 1mage in which a first area having a first
image and a second area having a second 1mage are dis-
criminated with each other; and

performing a blur control to a second 1mage using a filter
to obtain a blur-controlled second 1mage while accompany-
ing processing for reducing an influence of the first area at
a boundary between the first area and the second area and
therearound when the blur control 1s performed to the
second 1mage.

According to this program, when a blur control 1s per-
formed to the second image by the filter, a computer
performs a blur control to the second 1mage while accom-
panying processing for reducing an influence of the first area
at a boundary between the first area and the second area and
therearound. Accordingly, an 1image 1n which the influence
of the first area 1s reduced in the second area near the
boundary can be obtained.

Other objects and the features will be apparent from the
following detailed description of the present mnvention with
reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more fully described and
better understood from the following description, taken with
the appended drawings, 1n which:

FIG. 1 shows a far-and-near conflict image including a
main photographic object image and a background 1image;

FIG. 2 shows a state in which an 1mage in the main
photographic object area and an 1image 1n the background
arca are discriminated;

FIGS. 3A to 3C are explanatory views showing a con-
ventional blur emphasizing processing at the boundary
between the 1mage 1n the main photographic object area and
the 1mage in the background area;

FIGS. 4A and 4B show 1mages obtained by performing,
blur-filter processing to the entire 1mage shown 1n FIG. 1;

FIG. SA shows a far-and-near conflict image including a
main photographic object image and a background 1mage,
FIG. 5B shows the background image obtained by cutting
out the main photographic object from the entire 1mage and
FIG. 5C shows the main photographic object image cut out
from the entire 1mage;

FIG. 6 shows an 1image in which a pixel value of a pixel
in the background area 1s given to the area near the boundary
in the main photographic object area;
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FIGS. 7A to 7D are explanatory views showing an 1image
processing method according to the first embodiment of the
present 1nvention;

FIG. 8 shows an 1image obtained by applying the 1mage
processing method shown in FIGS. 7A to 7D to the entire
image shown 1n FIG. 6;

FIG. 9 shows a composite 1mage obtained by pasting the
original 1mage in the main photographic object area on the
image shown 1n FIG. §;

FIGS. 10A to 10F are explanatory views of a method for
orving a pixel value of a pixel in a background area to the
boundary and therearound in the cut-out main photographic
object area;

FIGS. 11A to 11C are explanatory views of an 1mage
processing method according to the second embodiment of
the present mvention;

FIGS. 12A to 12D are explanatory views of an image
processing method according to the third embodiment of the
present 1nvention;

FIG. 13 1s a flowchart showing the i1mage processing
method according to the first embodiment of the present
mvention;

FIG. 14 1s a flowchart showing the image processing,
method according to the second embodiment of the present
mvention;

FIG. 15 1s a flowchart showing the 1mage processing
method according to the third embodiment of the present
mvention;

FIG. 16 1s a perspective view showing a digital camera
1.6., an 1mage processing apparatus which carries out the
image processing method according to the first embodiment;

FIG. 17 1s a rear view showing the digital camera;

FIG. 18 1s a block diagram showing the electric structure
of the digital camera;

FIG. 19 1s a flowchart showing the photographing
sequence by the digital camera;

FIG. 20 1s a continuation of the flowchart of FIG. 19; and

FIG. 21 1s a flowchart 1in cases where a computer performs
the 1mage processing.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First, the 1image processing method according to the first
embodiment will be explained with reference to a landscape
image 1ncluding an 1mage of a person 1 as the main
photographic object and 1images of a house 2 and a pond 3
as the background as shown 1 FIG. 5A. FIG. 5A shows an
image focused on the person 1. In this image, the person 1
as the main photographic object 1 the foreground 1s taken
clearly, while the house 2 and the pond 3 1n the background
are slightly blurred. This 1image 1s a far-and-near conflict
image 1ncluding an unfocused 1image 1n the background area
and a focused 1mage 1n the main photographic object area.
In this embodiment, although an image 1n the main photo-
ographic object area 1s explained as a “person 1mage” at the
fime of a blur control operation, it 1s not necessary to limait
the 1mage 1n the main photographic object area to a “person
image.” Furthermore, although a “house” and a “pond” are
exemplified as the images in the background area, it 1s not
necessary to limit the images in the background area to the
images of a “house” and a “pond.”

First, from the 1mage shown 1n FIG. 5A, the image 1n the
first area and that in the second area are cut out. For example,
the 1mage 1in the main photographic object area 4 and the
image 1n the background area 5 are cut out. In FIG. 5B, only
the 1image in the background area 5 1s cut out. On the other
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hand, 1n FIG. S5C, only the image 1n the main photographic
object area 4 1s cut out. The cutout 1s performed by an arca
discrimination method. Although this arca discrimination
method uses blur difference, edge intensity or the like, the
cutting out may be performed by any other known technique
and/or methods. The 1mage shown 1n FIG. 6 1s created from
the image shown 1n FIG. 5B, and 1s processed by a blur-filter
7.

FIG. 6 shows an image obtained by giving the pixel value
8a of the pixel mn the background area near the boundary
between the main photographic object area and the back-
oround area to the periphery of the background areca in the
main photographic object arca shown m FIG. 5B after
cutting out the 1mage 1n the main photographic object area.
The method for giving the pixel value 1n this background
arca will be mentioned later.

FIG. 7A 1s an enlareed view showing the image of the
boundary portion between the main photographic object area
and the background area before giving the pixel value 8a
(FIG. 5B). FIG. 7B is an enlarged view showing the bound-
ary portion after giving the pixel value 8a (FIG. 6). By
applying a blur-filter 7 to the 1mage shown in FIG. 7B, an
image shown in FIG. 7C 1s obtained. In this embodiment,
although a 3x3 weighted average filter 7 1s used as the
blur-filter 7, 1t 1s not necessary to limait the size, type of the
filter to the 3x3 weighted average filter 7. For example, any
filter may be used as long as the filter has a blur making
effect such as a Gaussian filter. In a conventional method, as
shown 1n FIG. 3A, the blur-filter 7 located at the aimed pixel
6 covers the 1mage 1n the main photographic object area 9.
To the contrary, 1n this embodiment, since the pixel value of
the pixel near the boundary 1 the main photographic object
arca 9 1s replaced by the pixel value 8a of the pixel in the
background area 8, the pixel value in the main photographic
object areca 9 would not invade. Accordingly, even at the
boundary and therearoud, a blur-filter processing can be
performed without causing invasion of the pixel value 1n the
other areas. Then, the original 1mage 1n the main photo-
graphic object area 9 1s pasted on the 1mage shown 1n FIG.
7C to create the 1mage shown,in FIG. 7D. FIG. 8 1s an entire
view corresponding to FIG. 7C showing an image created by
applying the aforementioned 1mage processing method to
the entire 1mage near the boundary shown i FIG. 6. Thus,
the entire 1mage 1n the background area can be blurred
without incorporating the pixel value of the image in the
main photographic object area even at the boundary near the
main photographic object area.

FIG. 9 1s a final result obtained by pasting the original
image 1n the main photographic object area 4 on the 1image
shown 1n FIG. 8, and shows an entire drawing corresponding
to FIG. 7D. By pasting the image in the main photographic
object area 4, the background area immformation previously
grven to the area near the boundary 1n the main photographic
object area can be removed.

FIGS. 10A to 10F are drawings for explaming the method
for giving the pixel value of the pixel in the background area
to the periphery of the image of the background area (i.c., the
boundary portion between the main photographic object area
and the background area 1n the main photographic object
area) obtained by cutting out the 1mage in the main photo-
graphic object area from the entire 1mage.

FIG. 10A shows an 1image obtained by cutting out the
image 1n the main photographic object area 4 from the entire
image shown 1n FIG. SA showing a far-and-near confilict
scene, and FIG. 10B shows an 1image obtained by reducing
the size of the image shown in FIG. 10A at a certain
reduction rate. The image shown in FIG. 10A 1s pasted on
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this reduced 1mage shown 1 FIG. 10B to obtain the image
shown 1 FIG. 10C. By this operation, the pixel value 8a 1n
the background area of the reduced image shown in FIG.
10B can be given to the boundary portion in the main
photographic object area shown 1n FIG. 10A.

On the other hand, FIG. 10D shows an 1image obtained by
moving the image shown in FIG. 10A from the original
position to the left side by a certain number of pixels.

By pasting the image shown 1 FIG. 10A on the moved
image shown in FIG. 10D, the pixel value 8a in the
background area of the image shown in FIG. 10D can be
grven to a part of the boundary portion in the previously cut
main photographic object area shown in FIG. 10A (see FIG.
10E).

This processing 1s performed leftward, rightward, upward
and downward, to thereby give the pixel value 8a in the
background area to the remaining boundary portion 1n the
main photographic object area. As a result, an 1mage 1in
which the information on the background area 1s given to the
entire periphery of the image of the background area (the
periphery is in the main photographic object area) can be
obtained (see FIG. 10F).

The s1ze of the background area to be given to the main
photographic object area 1s set such that the size 1s changed
according to the size and the type of the blur-filter to be used
and that the pixel value 1n the main photographic object areca
does not enter the filter even if the filter 1s applied to any
pixel 1n the background area.

Although the above explanations are directed to two
methods, a method 1n which an 1mage size 1s reduced and a
method 1n which an 1mage position 1s moved, a pixel value
in the background area may be given to the periphery of the
image of the background area by another method.

FIGS. 11A to 11C are explanatory views showing the
second embodiment of the present invention. FIG. 11A1s an
enlarged 1mage near the boundary between the background
arca 8 and the main photographic object arca 9. In this
embodiment, the configuration of the blur-filter 1s changed
according to the configuration of the background area 8. In
this embodiment, the configuration of the blur-filter to the
aimed pixel 6 1s changed into the configuration correspond-
ing to the boundary of the background area. At this time, the
value of the denominator of the weighted average filter also
changes along with the size of the filter, and the wvalue
becomes the sum of the entire numerator 1n the filter. This
enables to perform the blur processing without invasion of
the image 1nformation in the other area even at the boundary
in the background arca and therearound. FIG. 11C 1s an
enlarged view showing the state that the image 1n the main
photographic object area 1s pasted after the blur processing.
This processing also enables to obtain the final composite
image as shown in FIG. 9.

FIGS. 12A to 12D are explanatory views showing the
third embodiment of the present invention.

FIG. 12A 1s an enlarged 1image near the boundary between
the background area 8 and the main photographic object area
9. In this embodiment, 1n cases where the pixels 9a 1n the
main photographic object area 9 are included 1n the pixels to
be processed 1n the blur-filter processing as shown 1n FIG.
12A, the nearest pixel value in the pixels 1n the background
arca 8 to be filter processed 1s used 1n place of the pixel value
of the aforementioned pixel (see FIG. 12B). Consequently,
the pixel value 1n the blur-filter 1n the aimed pixel 6 becomes
that of the filter 11 shown 1n FIG. 12C. Since this 1s a filter
in the aimed pixel 6, the pixel value 1n the main photo-
ographic object area does not change. Therefore, 1t 1s possible
to perform the blur processing without invasion of the




US 6,973,220 B2

7

information 1n the main photographic object even at the
boundary 1n the background area and therearound. FIG. 12D
1s an enlarged view showing the state that the 1mage in the
main photographic object area 1s pasted after the blur
processing.

By this process shown m FIG. 12, the final composite
image as shown 1n FIG. 9 can be obtained. By the processing
method according to the first to the third embodiments, a
ogood blur-controlled 1mage 1n which only the background is
blurred can be obtained without invasion of the pixel value
in another area at the time of performing the blur control.

FIG. 13 1s a flowchart for explaining the flow of the
processing of the first embodiment mentioned above. In the
following explanation and the drawing, “#” denotes a step.

In FIG. 13, the processing starts in #101. Next, in #102,
an mmput 1mage divided into the background area and the
main photographic object area i1s obtained. In #103, each of
the background area and the main photographic object arca
1s cut out to obtain separate 1mages. In #104, the background
arca pixel value near the boundary 1s given to the periphery
of the background area image (boundary portion in the main
photographic object area after cutting out the 1image in the
main photographic object area). In #105, a blur-filter is
applied to this image. In #106, the image 1n the main
photographic object area 1s pasted on this image. In #107,
the final 1image 1s outputted.

FIG. 14 1s a flowchart for explaining the flow of the
processing in the second embodiment mentioned above. In
FIG. 14, the processing starts 1n #201. Next, in #202, an
input 1mage which 1s divided into the background area and
the main photographic object area 1s obtained. In #203, a
blur-filter 1s applied to this image. At the time of the
blur-filter processing at the boundary, the configuration of
this blur filter 1s made to change depending on the configu-
ration of the background area while preventing the invasion
of the pixel value of the main photographic object area. In
#2035, the final 1mage 1s outputted.

FIG. 15 1s a flowchart for explaining the flow of the
processing of the third embodiment mentioned above. In
FIG. 15, the processing starts 1n #301. Next, in #302, an
input 1mage divided into the background area and the main
photographic object area 1s obtained. In #303, a blur-filter 1s
applied to this image. At the time of the blur-filter processing
of the boundary and therearoud, the pixel value 1n the main
photographic object area 1n this blur-filter 1s replaced with
the pixel value 1n the nearest background area. In #3035, the
final 1mage 1s outputted.

FIGS. 16 and 17 show a digital camera which 1s an 1mage
processing apparatus according to one embodiment of the
present invention. FIG. 16 1s a perspective view showing the
digital camera, and FIG. 17 1s the rear view of the digital
camera.

In FIGS. 16 and 17, on the front face of the digital camera
12, an 1image taking lens 14, a finder window 17, a distance
measurement window 22, etc. are provided. In the digital
camera 12, a CCD15, an example of the image taking
clement which receives an optical 1mage formed by the
aforementioned 1image taking lens 14 and performs a pho-
toelectric conversion of the optical image, 1s disposed. An
image taking unit including the 1mage taking lens 14 and the
CCD 135 1s constituted.

Furthermore, on the upper surface of the digital camera
12, a shutter start button 16, photographing mode setting
keys 20, a liquid crystal panel 21, etc. are provided. At the
side surface of the digital camera 12, the insertion slit 19 into
which a recording media 18 such as a memory card 1s
removably 1nserted 1s provided.
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The photographing mode setting keys 20 are used for
setting an exposure condition, such as an aperture priority
exposure and a shutter speed priority exposure, changing
macro 1mage taking modes or setting a zoom condition
while confirming the contents displayed on the liquid crystal
display panel 21.

Furthermore, as shown 1n FIG. 17, an LCD monitor 24 for
a live-view display, 1.e., a real-time display of a photo-
graphic object 1mage, 1mage-processing mode setting keys
23, etc. are provided on the rear face 13 of the digital camera
12. These 1image-processing mode setting keys 23 are used
for selecting a normal processing mode or a blur-control
processing mode.

This digital camera 12 can record images picked-up by
the CCD 135 into the recording media 18 1n the same way as
conventional digital cameras.

FIG. 18 1s a block diagram of the digital camera 12, and
the arrows denote data flows.

The CCD 185 photoelectrically converts the optical image
focused by the 1image taking lens 14 into image signals of
color components R (red), G (green) and B (blue), and
outputs them. The 1mage signal consists of sequence of pixel
signals received by the respective pixel. The timing genera-

tor 35 creates various kinds of timing pulses for controlling
the drive of the CCD 135.

In this digital camera 12, the exposure control 1s per-
formed by adjusting the aperture-diaphragm provided i the
lens barrel of the 1image taking lens 14 and the quantity of
light exposure of the CCD 15, 1.e., the electric charge
accumulation time of the CCD 135 corresponding to the
shutter speed. When the luminance of the photographic
object 1s too low to appropriately adjust the quantity of light
exposure by the shutter speed and the aperture value, the
level of the 1mage signal outputted from the CCD 15 1is
adjusted 1n order to compensate for the insufficient exposure.
In other words, at a low luminance, the exposure 1s con-
trolled by adjusting the gain. The level of the 1mage signal
1s adjusted by controlling the gain of the AGC circuit in the
signal processor 235.

The timing generator 35 generates the drive control signal
for the CCD 15 based on the reference clock transmitted
from the timing-control circuit 36. The timing generator 35
generates clock signals, such as a timing signal for starting
and finishing integration (i.e., exposure), clock signals (hori-
zontal synchronizing signals, vertical synchronizing signals,
transferring signals, etc.) for controlling the reading timing
of the light-receiving signals from the respective pixels.
These timing signals are supplied to the CCD 135.

The signal processing circuit 25 performs predetermined
analog signal processing to the image signal (analog signal)
outputted from the CCD 135. The signal processing circuit 25
has a CDS (correlation double sampling) circuit for reducing
the noise of the image signal and an AGC (automatic gain
control) circuit for adjusting the level of the 1image signal by
controlling the gain of this AGC circuit.

The light-quantity adjusting circuit 38 sects the light emis-
sion of the built-in flash 39 to a predetermined level deter-
mined by the general control portion 43 when the flash 1s
used during the 1mage taking. During the flash image taking,
the flash light reflected from the photographic object is
received by the sensor 40 upon starting exposure. When the
quantity of light received by the sensor 40 reaches a prede-
termined level, the general control portion 43 supplies a
flash stop signal to the light-quantity adjusting circuit 38. In
response to the flash stop signal, the light-quantity adjusting
circuit 38 stops the light emission of the built-in flash 39
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forcibly, whereby the light emission amount of the built-in
flash 39 can be regulated to correct level.

The distance measurement portion 37 measures the dis-
tance to the photographic object.

The A/D converter 26 converts each pixel signal (analog
signal) into a 10-bit digital signal based on the clock for A/D
Conversion.

The timing-control circuit 36 generates the reference
clock and clocks to the timing generator 35 and the A/D
converter 26. The timing-control circuit 36 1s controlled by
the general control portion 43.

The black level correction circuit 27 corrects the black
level of the pixel signal (hereinafter referred to as pixel data)
converted by the A/D converter 26 to the reference black
level. A white balance circuit (hereinafter referred to as WB
circuit) 28 converts the level of the pixel data of each color
component of R, G or B so that the correct white balance can
be obtained after v (gamma) correction. The WB circuit 28
converts the level of the pixel data of each color component
of R, G, B using a level conversion table mputted from the
general control portion 43. The conversion coefficient (or the
inclination of the characteristic line) for each color compo-
nent in the level conversion table is set by the general control
portion 43 every picked-up image.

The y (gamma) correction circuit 29 corrects the y char-
acteristic of the pixel data. The vy correction circuit 29 has,
for example, six v correction tables with different gamma
characteristics, and performs a vy correction of the pixel data
by the predetermined vy correction table according to the
photographed scene or the photographed conditions.

The 1mage memory 34 stores the pixel data outputted
from the v correction circuit 29. The memory capacity of the
image memory 34 corresponds to M frames. Accordingly, it
the CCD 15 has an nxm pixel matrix, the image memory 34
has a memory capacity of Mxnxm pixel data, and each pixel
data 1s stored in the corresponding pixel position in the
memory. Based on the stored pixel data corresponding to M
frames, the blur-control processing i1s performed in the
image processing circuit 90. The processed pixel data is
returned to the 1mage memory 34 and stored therein.

The arca discrimination circuit 30 discriminates an area
using the blur difference, and divides the area. The blur-
control circuit 31 performs the blur-control processing to the
image whose area 1s divided by the method according to one
of the aforementioned first to third embodiments. The image
composing circuit 32 composes the blur-controlled 1mages
Into one 1mage.

If the image at the boundary between the area to which the
blur-filtering operation was performed and the area where no
blur-filtering operation was performed looks something
wrong, a lilter operation circuit 33 enlarges the boundary
portion by several pixels in each direction toward the main
photographic object area and the background area, and
performs the blur-filtering operation to the enlarged area.

AVRAM 49 1s a buffer memory for storing the image data
to be reproduced and displayed on the LCD display portion
24. The memory capacity of the VRAM 49 corresponds to
the number of pixels of the LCD display portion 24.

In the 1mage taking preparation mode, each pixel data of
the 1mage taken by the CCD 33 every Y50 seconds 1s
subjected to the prescribed signal processing by the
sequence from the A/D converter 26 to the vy correction
circuit 29, and stored in the 1mage memory 34. This pixel
data 1s simultaneously transferred to the VRAM 49 via the
general controller 43, and displayed on the LCD display
portion 24. Whereby, the user can recognize the photo-
ographic object image on the LCD display portion 24. In the
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reproduction mode, 1mage read out from the memory card
18 1s subjected to the prescribed signal processing by the
ogeneral controller 43, which 1s then ftransferred to the
VRAM 49, and displayed on the LCD display portion 24.

The obtained 1mage 1s also transmittable to an external
monitor 53 via the VRAM 51 and the NTSC converting
portion 52.

A card I/F 48 1s an interface for writing the 1mage data into
the memory card 18 or reading the 1mage data from the
memory card 18. A communication I/F 44 1s an interface
based on, for example, the IEEE 1394, for externally con-
necting the digital camera 12 to personal computers or each
network connecting devices 45. The reference numeral 46
denotes a recording medium such as a floppy disk and a
magneto-optical disk used for a personal computer 63. The
recording medium 46 1s used to store the image sent from the
digital camera 12, or 1s storing a program to be 1nstalled into
the digital camera 12.

The operation portion 35 1s constituted by the shutter start
button 16, the photographing mode setting keys 20, the
liquid crystal display panel 21, the image-processing mode
setting keys 23, the LCD monitor 24 and the like.

The general control portion 43 comprises a microcom-
puter, and 1t organically controls the photographing opera-
tion of the digital camera 12. The general control portion 43
1s provided with a ROM 43A as a recording medium storing
the program for executing various processing including the
arca discrimination processing, the blur-control processing,
and the 1mage-composing processing and the RAM 43B as
a recording medium used as a work area at the time of
executing the processing.

The general control portion 43 has an 1mage number
counter for counting the number of picked-up 1mages for the
blur-control processing.

Next, the operation (photographing sequence) of the digi-
tal camera shown 1n FIGS. 16 to 18 will be explained with
reference to the tlowchart shown 1in FIGS. 19 to 20.

In this embodiment, the technique of “area discrimination
using the blur difference” 1s used for the discrimination
between the main photographic object area and the back-
oground area. In this technique, the area 1s discriminated by
comparing a plurality of 1mages with different focal posi-
tions. The detail thereof 1s disclosed by the paper entitled
“Enhanced Image Acquisition by Using Multiple Differently
Focused Images™ [written by Naito, Kodama, Aizawa and
Hatori: Transactions of the Institute of Electronics, Infor-
mation and Communication Engineers D-II. Vol.79-D-II

No.6 pp. 1046-1053].

In #401, 1t 1s discriminated whether the shutter start button
16 is pressed. If not pressed (OFF 1n #401), the routine waits
until it is pressed. When pressed (ON in #401), in #402, the
general control portion 43 reads out and stores the setting of
the photographing conditions and the i1mage-processing
mode at that time.

Subsequently, mn #403, it 1s discriminated whether the
blur-control mode 1s set as the 1mage-processing mode. If
the blur-control mode is set (On in #403), the routine
proceeds to #501 in FIG. 20. If the blur-control mode 1s not
set (OFF 1n #403), the functions of the area discrimination
circuit 30, the blur-control circuit 31, the 1mage composing
circuit 32 and the filter operation circuit 33 are set as OFF
in #404.

Then, 1n #4085, the photographic object distance 1s mea-
sured by the distance measurement portion 37. Subse-
quently, based on the distance measurement result, 1n #4086,
the 1mage taking lens 14 1s driven by driving the motor 42

(FIG. 18) so that the photographic object is focused. In #407,
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the aperture-diaphragm 1s set to a suitable value via the
aperture-diaphragm control driver 41 (FIG. 18).

Then, 1n #408, the CCD 15 1s integrated. In #409, the
image data 1s read out. The read 1mage data 1s converted 1nto
the digital data by the A/D converter 26, and subjected to the
predetermined processing by the black level correction
circuit 27, the WB circuit 28 and the vy correction circuit 29.
Thereafter, in #401, the data 1s stored 1n the media 18, and
the routine returns to #401 for the next photographing.

In #403, if the blur-control mode is set (ON in #403), in
#501 shown 1n FIG. 20, the photographic object distance 1s
measured by the distance measurement portion 37 in the
same manner as 1n the case where 1t 1s not set. Subsequently,
in #502, the motor 42 1s driven to drive the 1mage taking lens
32 based on the distance measurement result so that the
photographic object 1s focused. Furthermore, 1n #3503, the
aperture-diaphragm 1s set to a suitable value by the aperture-
diaphragm control driver 41.

Next, i #3504, the CCD 15 1s mtegrated. Then, i #3505,
the 1mage data 1s read out. The read data 1s converted mnto the
digital data by the A/D converter 26, and then subjected to
the prescribed processing by the black level correction
circuit 27, the WB circuit 28 and the vy correction circuit 29.
Thereafter, the data 1s temporarily stored in the image
memory 34.

Subsequently, m #3506, it 1s checked whether the required
number of 1mages 1s obtained by the general control portion
43. If not obtained (NO in #506), the routine returns to #501,
and the i1mage 1s obtained. However, the next image 1s
focused on a photographic object other than the previously
focused photographic objects.

If the required number of 1mages 1s obtained 1 #3506
(YES in #506), in #507, the arca discrimination is performed
using the blur difference by the area discrimination circuit
30.

Subsequently, 1n #3508, blur-control processing i1s per-
formed. Then, in #3509, an 1mage 1s composed. Since the
pixel value of the main photographic object area in the
blur-filter 1s removed 1n the blur-control processing, faults
generated when the blur was added 1s removed. Accordingly,
a good composite 1mage can be obtained.

In addition, 1n cases where the obtained image looks
something wrong at the boundary portion of the area to
which the blur-filter operation was performed, 1n #3510, the
boundary portion 1s enlarged by several pixels 1 each
direction toward the main photographic object area and the
background areca, and the enlarged area 1s subjected to the
filter operation. The operation to be performed here 1s not
necessary limited to the blur-filter operation. Any operation
may be performed as long as 1t has an effect that softens the
sense of mcongruity in the boundary portion between the
main photographic object area and the background areca like
the weighting mean value operation of the main photo-
ographic object area and the background area.

Thereafter, 1n #511, the obtained 1mage 1s stored in the
storing media 18 such as a memory card, and thereafter the
routine returns to #3501 for the next photographing.

In the aforementioned embodiment, the digital camera 12
1s provided with the area discrimination circuit 30, the
blur-control circuit 31 and the 1mage composing circuit 32,
and the digital camera 12 performs from the obtaining of the
image to composing thereol. However, the following struc-
ture may be employed 1n place of the above: a program for
performing an area discrimination function, a blur-control-
processing function, and an 1mage composition function 1s
stored 1n a recording medium 46; the program 1s read by an
external computer 45, and an 1mage taken by a digital
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camera or a scanner 1s mnputted 1nto this computer, and then
the computer processes the 1mage 1n accordance with the
program.

In cases where the processing 1s performed by a computer,
one example of the flow of processing becomes as shown 1n
FIG. 21. That 1s, in #601 and #602, a first 1mage and a
second 1image different from the first image 1n focus state are
read by the computer. Here, the photographed image 1s read
via a recording medium such as a memory card. The 1image
designated by an operator 1s read. Thereatter, the boundary
portion filter data processing, the blur-control processing,
the 1mage-composing processing and the boundary portion
filter data processing are performed 1n #603, #604, #6035 and
#606, respectively. These area discrimination processing,
blur-control processing, 1mage-composing processing and
boundary portion filter data processing are the same as each
processing shown m #3507 to #510 shown in FIG. 20,
respectively. The result of this processing 1s displayed or
stored 1n a recording medium.

The terms and descriptions in this specification are used
only for explanatory purposes and the present invention 1s
not limited to these terms and descriptions. It should be
appreciated that there are many modifications and substitu-
tions without departing from the spirit and the scope of the
present invention which is defined by the appended claims.
A present mvention permits any design-change, unless it
deviates from the soul, 1f 1t 1s within the limits by which the
claim was performed.

What 1s claimed 1s:

1. An 1mage processing method, comprising the steps of:

obtaining an image 1n which a first area including a first

image and a second area including a second 1image are
discriminated; and

a control step for performing a blur control to a second

image using a filter to obtain a blur-controlled second
image while accompanying processing for reducing an
influence of said first area at a boundary between said
first area and said second area and therearound when
said blur control 1s performed to said second 1mage,
wherein said control step includes:

a step for assigning a pixel value of a pixel in said
second area near said boundary at a periphery of said
second 1mage to said first area; and

a step for performing said blur control to said second
image by using said filter.

2. The 1mage processing method as recited 1n claim 1,
wherein said obtaining step includes a step for cutting out
said first 1mage from an enfire 1mage, and said method
further comprising a step for composing the cut-out first
image and the blur controlled second image.

3. The 1mage processing method as recited 1n claim 1,
wherein said step of assigning said pixel values 1n said
second area to said first area 1s performed along the bound-
ary 1n a strip-shaped manner at predetermined intervals.

4. An 1image processing method, comprising the steps of:

obtaining an 1mage 1n which a first areca 1including a first

image and a second area including a second 1mage are
discriminated; and

a control step for performing a blur control to a second

image using a filter to obtain a blur-controlled second
image while adjusting processing for reducing an iniflu-
ence of said first area at a boundary between said {first
area and said second area and therearound when said
blur control 1s performed to said second 1image, wherein
said control step includes a step for changing a con-
figuration of said filter near said boundary correspond-
ing to a contour of said second area.
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5. The 1mage processing method as recited 1n claim 4,
wherein said obtaining step includes a step for cutting out
said first 1mage from an enfire 1mage, and said method
further comprising a step for composing the cut-out first
image and the blur controlled second image.

6. An 1mage processing method comprising;:

obtaining an 1image in which a first area including a first
image and a second area including a second 1image are
discriminated and

a control step for performing a blur control to a second
image using a filter to obtain a blur-controlled second
image while adjusting processing for reducing an 1nflu-
ence of said first areca at a boundary between said first
arca and said second area and therearound when said
blur control 1s performed to said second 1image, wherein
said control step 1ncludes:

a step for arranging a pixel value of a pixel to be
processed 1n place of a pixel value of a pixel not to
be processed when said pixel not to be processed 1s
included within a range of said filter; and

a step for performing said blur control to said second
image 1n said second areca by using said filter.

7. An 1mage processing apparatus, comprising:

a processor for obtaining an image 1n which a first arca
including a first image and a second area including a
second 1mage are discriminated with each other; and

a blur controller for performing a blur control to a second
image using a filter to obtain a blur-controlled second
image while adjusting processing for reducing an influ-
ence of said first area at a boundary between said {first
arca and said second area and therearound when said
blur control 1s performed to said second 1image, wherein
said blur controller performs said blur control to said
second 1mage by using said filter after associating a
pixel value of a pixel in said second area near said
boundary at a periphery of said second 1mage with said
first area.

8. The 1mage processing apparatus as recited in claim 7,
wherein said processor cuts out said first image from said
entire 1mage and composes the cut-out first image and the
blur controlled second 1mage.

9. The 1image processing method as recited in claim 7,
wherein associating said pixel values 1n said second area
with said first area 1s performed along the boundary in a
strip-shaped manner at predetermined intervals.

10. An 1image processing apparatus comprising:

a processor for obtaining an image 1n which a first arca
including a first 1mage and a second area including a
second 1mage are discriminated with each other; and

a blur controller for performing a blur control to a second
image using a iilter to obtain a blur-controlled second
image while accompanying processing for reducing an
influence of said first area at a boundary between said
first area and said second area and therearound when
said blur control 1s performed to said second 1mage,
wherein said blur controller performs said blur control
to said second 1mage by using said filter while changing
a configuration of said filter near said boundary corre-
sponding to a contour of said second area.
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11. The 1image processing apparatus as recited in claim 10,
wherein said processor cuts out said first image from said
entire 1mage and composes the cut-out first image and the
blur controlled second 1mage.

12. An 1mage processing apparatus comprising:

a processor for obtaining an 1mage 1n which a first area
including a first image and a second area including a
second 1mage are discriminated with each other; and

a blur controller for performing a blur control to a second
image using a filter to obtain a blur-controlled second
image while accompanying processing for reducing an
influence of said first area at a boundary between said
first area and said second area and therearound when
said blur control 1s performed to said second 1mage,
wherein said blur controller performs said blur control
to said second 1mage by using said filter after arranging,
a pixel value of a pixel to be processed 1n place of a
pixel value of a pixel not to be processed when said
pixel not to be processed 1s included within a range of
said filter.

13. A computer readable program embodied 1n a computer

readable medium for attaining the following functions:
obtaining an 1mage 1 which a first area having a first
image and a second area having a second i1mage are
discriminated with each other; and

performing a blur control to a second 1mage using a filter
to obtain a blur-controlled second 1mage while altering,
the processing to reduce an influence of said first area
at a boundary between said first area and said second
areca and therearound when said blur control 1s per-
formed to said second 1mage, wherein said performing,
a blur control includes:

arranging a pixel value of a pixel to be processed 1n place
of a pixel value of a pixel not to be processed when said
pixel not to be processed 1s included within a range of
said filter; and

performing said blur control to said second 1mage 1n said
second arca by using said filter.

14. The computer readable program as recited 1n claim 13,
wherein said processing to reduce an mfluence of said first
arca 1s performed by associating a pixel value of a pixel 1n
sald second area near said boundary at a periphery of said
second 1mage with said first area.

15. The computer readable program as recited 1n claim 14,
wherein said first image 1s cut out from an entire 1image, and
the cut-out first image and the blur controlled second image
are composed.

16. The 1image processing method as recited in claim 14,
wherein said step of associating said pixel values 1n said
second arca with said first area 1s performed along the
boundary 1n a strip-shaped manner at predetermined inter-
vals.

17. The computer readable program as recited 1n claim 13,
wherein said first image 1s cut out from an entire 1image, and
the cut-out first image and the blur controlled second image
are composed.
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